These results show that episomal HPV can be reliably determined by NISH type 1 signal, integrated HPV by type 2, and a combination of both episomal and integrated HPV, by a type 3 signal in archival paraffin wax embedded cervical biopsy specimens. This will add another variable to the epidemiological studies of HPV infection. In particular, it will now allow retrospective studies to be done to define the role ofepisomal and integrated HPV in the evolution of cervical intraepithelial neoplasia and other cervical disease associated with this virus.
Certain human papillomavirus (HPV) types, particularly HPV 16 and 18, and to a lesser extent 31, 33, 35, 45 , 51, and 52,' have been associated with cervical intraepithelial neoplasia and invasive cancer. Although epidemiological studies have produced conflicting results,2 there is experimental evidence to support a pathogenetic role for HPV in cervical preneoplasia and cancer. ' The part played by integration of HPV DNA into the human genome has attracted increasing interest. HPV DNA is integrated into the host genome in immortalised human keratinocytes,45 cell lines derived from cervical cancers,67 cervical intraepithelial neoplasia (CIN),"'2 and squamous cell cancers (SCC).8 1"14 Integration disrupts the E1/E2 open reading frames with consequent derepression of viral gene expression and subsequent overexpression of the E6 and E7 ORFs. '5 Clinical studies that correlate E6 and E7 overexpression with poor prognosis in CIN'6 lend support to the potential importance of detection of HPV integration in cervical neoplasia.
Viral integration can be shown in several ways in clinical material. All require destruction of tissue morphology, however, and are technically time consuming; restriction digestion and Southern blot analysis provide indirect evidence, while the cloning of virushost cell junction fragments is definitive.'3 Direct morphological evidence of viral integration is provided by in situ hybridisation on metaphase chromosomes derived from cervical carcinoma cells'7 but this requires cell culture. None of these methods is routinely applicable to small clinical biopsy specimens. Recently it was shown that HPV DNA is present in three morphologically distinct forms in the nuclei of cervical preneoplasia and neoplasia by nonisotopic in situ hybridisation (NISH) ." '9 These forms are referred to as NISH signals types 1, 2, and 3. A type 1 signal is diffuse and present throughout the nucleus; a type 2 signal is punctate; and type 3 is a combination of type 1 and 2. It was postulated that a type 1 signal represents episomal virus, type 2 integrated virus, and type 3 a combination of both.819 To examine this hypothesis further, we have now examined fresh CIN and SCC tissue for an NISH signal pattern, extracted DNA from the same biopsy specimens and analysed them by Southern blotting to determine the physical state of the viral genome.
Frozen sections (5 gm) were cut from biopsy specimens and treated as for cultured cell lines by fixation in methanol-acetic acid (3:1 v/v), 4%(w/v) paraformaldehyde, and washed in phosphate buffered saline (PBS) (10 mM phosphate, 150 mM NaCl, pH7-2) containing 0-2% glycine.22 Slides were washed in PBS, air dried, and stored at -70°C. One section was stained with haematoxylin and eosin, and the remainder were analysed by NISH.
NISH
After unmasking with proteinase K (Boehringer-Mannheim, Germany) at concentrations ranging from 01 -Ig/ml to 2 Mg/ml (depending on the batch of enzyme and the sample) for 15 minutes at 37°C, NISH was carried out as previously described using nick-translated digoxigenin labelled HPV 16 Using cryostat sections of frozen cervical tissue, NISH signals types 1 (diffuse throughout the nucleus), type 2 (punctuate/dot), and type 3 (combined 1 and 2) were shown in CIN (types 1 and 3) and SCC (types 2 and 3). The same cervical biopsy specimens were analysed by Southem blotting to investigate the physical state of the virus and to determine, by using another parameter, whether a type 1 signal represents episomal virus, type 2 signal represents integrated virus, and a type 3 signal represents the coexistence of both physical forms in the same lesion.
The presence of episomal HPV 16 was shown in six cases by the presence of forms 1-3 which linearise to 7-9 kilobases with BamHI. The absence of additional off-sized bands in these biopsy specimens confirms that no integrated viral sequences was present in these lesions. Although small amounts of integrated viral DNA could, theoretically, be masked by the large excess of episomal sequences, this would only occur if the bands generated from the integrated sequences co-migrated with linear HPV 16. This is unlikely to occur other than by chance. 
